The crystal structure and absolute configuration of koetjapic acid were unambiguously reassigned by X-ray crystallography with strong support from NMR spectroscopic data. The acid contained 9 quaternary carbon atoms existing as an orthorhombic crystal with a space group of P2 1 2 1 2 1 and unit cell parameters of a = 7.6641(2), b = 14.6844(4) and c = 23.9316(6). Ring A adopted a chair conformation, ring B has an envelope conformation, whilst ring C assumed a halfchair and D displayed a chair conformation. The absolute configurations at C1 (R), C5 (R), C7 (S), C10 (S), C13 (R), C14 (R), C17 (S) and C18 (S) were assigned for the first time. The X-ray crystal of koetjapic acid was therefore reassigned as 3,4-seco-olean-4(23),12-diene-3,30-dioic acid. A plausible biogenetic synthetic pathway for compound 1 is also proposed.
Koetjapic acid (1) is a seco-A ring oleanane triterpenoid naturally synthesized via the isopentenyl pyrophosphate pathway by a C-30 intermediate from either squalene or oxidosqualene folded to different conformation by special cyclase enzymes to produce the cyclic triterpenes [1] [2] . Commonly found in Meliaceae plants, the acid (1) was first named and isolated from Sandoricum koetjape [3] , which served as one of the main sources, together with Dillenia species [4] [5] . Compound 1 has been reported to exhibit a broad range of pharmacological activities including anti-cancer against human breast cancer MCF-7 cell line [3, 5] , anti-inflammatory by inhibiting PGE 2 production [4] , DNA polymerase β inhibition [6] and antibacterial [7] . Subsequently, an X-ray crystal structure of 2 ( Figure S1 , supplementary data), another closely related seco-A ring of the oleanane type with a double bond at C8-C9 isolated from S. koetjape, was wrongly named koetjapic acid [8] . Compound 2 was reported to display anti-angiogenic [9] and in-vitro anti-metastatic activity against MCF-7 breast cancer cells [10] . Comparative spectroscopic data analysis of 1 and 2 was not feasible because limited NMR data of 2 were reported [11] . However, the X-ray crystal structure [8] resembled that of secobryononic acid (2) , the 3,29-dimethyl ester derivative of which was earlier reported in S. koetjape [12] .
The present study therefore reports, for the first time, the X-ray crystallographic structure and absolute configuration of koetjapic acid (1) , isolated from Dillenia suffruticosa leaves. The structure was also confirmed by detailed NMR spectroscopic data, which were in close agreement with the earlier proposed structure of 1 [3] . The study therefore reassigned the X-ray crystal of koetjapic acid as 3,4-seco-olean-4(23),12-diene-3,30-dioic acid (1) instead of the previously assigned 3,4-seco-olean-4(23),8-diene-3,30-dioic acid [8] . The biogenetic synthetic pathway was also hypothesized to follow the oxidative ring A cleavage of β-amyrin, the precursor to produce the corresponding seco-ring A of koetjapic acid. The mechanisms might involve the initial oxidative reaction at either the 3-hydroxy carbon or the 4-methyl carbon of β-amyrin.
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This unstable intermediate might lead to cleavage of ring A via a leaving group at 3-oxy-carbon and the removal of a proton from the methyl group at C-4, or at 4-hydroxymethyl-3-oxo derivative [13] [14] . An alternative route could also be via a photo-oxidation of 3-hydroxy alcohol; the presence of this oxo-functionality at C-3 makes it vulnerable to photochemical alteration and resulted in the cleavage of ring-A [15] (Scheme 1). Examination of both 1D-and 2D-NMR spectra suggested a triterpenoid structure with an oleanane-type skeleton. Comparison of the NMR spectral data with the previous literature reported [3] [4] confirmed the structure to be a seco-A ring oleanane type triterpenoid with two carboxylic acid groups at positions 3 and 30. Confirmation of the olefinic methine proton at position C-12 (δ H 5.45) was also established by careful inspection of the nuclear Overhauser effect spectroscopy (NOESY) spectrum which showed correlations between the methine proton at C-18 (δ H 2.41) and one of the methylene protons at C-11 (δ H 1.92). Similarly, the proton at C-18 (δ H 2.41) showed an NOE correlation with methyl protons at C-28 (δ H 0.88) and also with one of the C-22 protons (δ H The 1 H NMR data reported for crystal 2 [11] showed the presence of six methyl signals in the range δ H 0.93-1.78 and methylene signals in the range δ H 1.81-2.19. The proton spectrum revealed the presence of exo-methylene proton signals at δ H 4.73 and 4.94 and also an olefinic proton signal at δ H 5.39. By comparing the NMR data, we can see that 1 has 9 quaternary carbons at C-3, C-4, C-8, C-10, C-13, C-14, C-17, C-20 and C-30. In contrast, 10 quaternary carbons were observed in compound 2 at C-3, C-4, C-8, C-9, C-10, C-13, C-14, C-17, C-20 and C-30.
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Crystal structure determination and refinement: Crystal 1 was grown by a slow evaporation technique at room temperature using CHCl 3 : MeOH (7:3) to obtain a single prism-like crystal. A set of diffraction data was collected at 294(2) K, using a Bruker SMART APEX II CCD area detector diffractometer equipped with monochromated Cu Ka (Å) radiation (λ=1.54178 Å). The crystal for data collection was of 0.12 x 0.17 x 0.47 mm in dimensions. The structure was solved by a Bruker software package SHELXS97 [16] using a direct method. PLATON spek version 11015 software was used to prepare material for publication. Full-matrix least-square refinement was carried out using SHELXL97 and final refinement cycles converged to R= 0.0359 and wR(F 2 ) 0.0971 for the observed data. The comparative crystal data and structural refinement parameters of crystal 1 and 2 are summarized in Table 2 . The crystal structure 1 isolated from the present study showed a double bond between C-3 and C-4 in ring B, typical of an oleanane structure (Figure 1) , as opposed to that reported for crystal 2 [8] where the double bond was observed in ring A between C-1 and C-14 ( Figure S1, supplementary data) . Another disparity between the two crystals was the difference in position of two methyl substituents along ring B/C. In 1, ring B contained two methyl groups; one was attached to C-13 and the other at C-14, whereas the equivalent methyl substituents in 2 [8] were attached to C-4 and C-13 at the B/C ring junction. 
shortening of the C3-C4 bond in 1 was interpreted as a characteristic feature of a double bond. On the other hand, the position of a double bond in 2 was at C1-C14 with a measured bond distance of 1.360 (5) Å when compared with the respective single bond determined in 1 at C1-C14 of 1.558(19) Å. The highlighted shortening of C1-C14 confirmed the position of the double bond in 2 (Table S1 , Supplementary data). Observing the bond angles in ring B/C of the two structures displayed differences in geometric arrangement of the central atom with the neighbors. In this respect, a glance at the endocyclic bond angles in crystal 1 between C2-C3-C4, C3-C4 -C5 and C3-C4-C13 displayed 126.00(13)º, 119.03(13)º, and 120.02(13)º, respectively, inferring that these central atoms adopted a trigonal planar, as opposed to the corresponding values in crystal 2 at C2-C3-C4, C3-C4-C5, C3-C4-C13 with bond angles of 113.3(3)º, 109.0 (3)º and 106.8(3)º, respectively, suggesting that the central atoms assumed a near tetrahedral shape. A similar trend was also observed in ring A/B, where the endocyclic bond angles between C1-C14-C15, C1-C14-C13, C14-C1-C18 and C2-C1-C14, in 1 were 110.16(12)º, 106.86(11)º, 117.96(11)º and 109.94(11)º, respectively, suggesting that the central atoms adopted a tetrahedral shape. In contrast, the central atoms of 2 showed a planar geometry with bond angles between C1-C14-C15, C1-C14-C13, C14-C1-C18 and C2-C1-C14 of 122.4(3)º 121.2(3)º, 122.3(3)º and 121.4(3)º, respectively (Table S2 , Supplementary data).
To strengthen the structural differences, an intra-molecular feature of the two compounds was analyzed by observing the torsional angles in ring A/B and B/C at the position where the two double bonds existed. In crystal 1 the angle between the planes formed by atoms C1-C2-C3-C4 was −4.7 (2)º which indicated a restricted rotation, but in 2, the torsional angle between C1-C2-C3-C4 was 32.3 (5)º showing free rotation within the bonds. Similarly, C18-C1-C14-C13 was 166.06 (11)º in 1, while in 2, C18-C1-C14-C13 was −170.9 (3)º. More evidence could also be seen when comparing the values of the dihedral angles of the two compounds (Table S3 , Supplementary data).
The conformation of the rings in the crystal structures was examined in terms of their puckering parameters [17] . Puckering analysis was performed by PLATON [18] . The puckering parameters of crystal 1 showed that ring A adopted a near ideal chair conformation with a total puckering amplitude, Q= 0.5618 (18) [8] . The ring conformations of crystals 1 and 2 are depicted in Figure S4 and S5 (Supplementary data).
The absolute configurations determined for crystal 1 of the asymmetric carbon centers in the molecule were assigned as C1 (R), C5 (R), C7 (S), C10 (S), C13 (R), C14 (R), C17 (S) and C18 (S). In contrast, for crystal 2 the assignments were C4 (S), C5 (R), C7 (R), C10 (S), C13 (S), C17 (S) and C18 (S).
The crystal structure 1 was stabilized by classic intermolecular O-H···O hydrogen bonds that help pack the molecules together to form a three-dimensional crystal lattice. The parameters for the O-H···O hydrogen bonds are given in Table S4 (Supplementary data). The arrangement of the molecular units suggested that the 3-D structure in 1 was stabilized by two intermolecular hydrogen bonds. The first one was between the hydroxyl group at C-23 (O1), which acted as an intermolecular H-donor to the carboxylic group C-21(O4) in which the oxygen (O4) of the carbonyl group C-21 acted as an intermolecular hydrogen acceptor, and the second one between the hydroxyl group at C-21(O3) that acted as a hydrogen donor and the carboxylic group at C-23 (O2) as an acceptor. These intermolecular interactions formed infinite helical chains in 1. This information is beneficial, especially in understanding various molecular properties of a compound such as molecular geometries and stability of certain key conformations [19] .
The Newman projections of crystal 1 along the bonds involved in the fusion of the rings are shown in Figure S6 (Supplementary data). The mutual orientation of the C1-H1A and C14-C22 bonds was anti-periplanar, C13-C26 and C4-C5 was synclinal while that of C5-H5A and C10-C25 bond was anti-periplanar. 
Experimental

Extraction and isolation:
The fresh leaves were washed with distilled water, cut into small pieces and dried at ambient temperature (26-28 0 C). The air dried leaves were powdered and subsequently 3.5 kg of the pulverized material was macerated 3 times in methanol (3 x 5 L) at room temperature for about 10 days. After filtration, the solvent was removed under vacuum to afford a dark-greenish residue (985.0 g, 28.1%, w/w). The crude methanolic extract (500.0 g) was dissolved in 90% aqueous methanol and defatted with n-hexane (3 x 1 L), to afford an n-hexane soluble syrup that yielded 65.2 g n-hexane fraction upon drying (13.0%, w/w). The residual methanol part was concentrated, re-suspended in water (1 L) and partitioned sequentially with dichloromethane (DCM), ethyl acetate (EtOAc), and saturated n-butanol 3 times, each in a ratio of 2:1 (v/v). The resulting organic phases were concentrated under vacuum to give the corresponding DCM (96.2 g, 19.2%, w/w), EtOAc (58.5 g, 11.7%, w/w), n-butanol (129.7 g, 25.9%, w/w) and aqueous (140.1 g, 28.0%, w/w) fractions. An aliquot of the dichloromethane fraction (50.0 g) was chromatographed on a Diaion HP-20 column (10 cm i.d. x 50 cm; Mitsubishi, Tokyo, Japan), eluting with increasing concentrations of MeOH in H 2 O (30%, 100%). The column was finally washed with 100% acetone to remove chlorophyll. Each fraction was collected separately and evaporated to yield 3 main fractions [DF-1, 30% MeOH (10.1 g), DF-2, 100 % MeOH (32.0 g), and DF-3 100% acetone (3.7 g)]. Fraction DF-2 (16.0 g) was subsequently chromatographed on a silica gel column (8.3 cm i.d. x 55 cm, particle size 0.040-0.063 mm). For purification, a stepwise gradient mixture of n-hexane and ethyl acetate (100:0-0:100) was used, followed by CHCl 3 : MeOH (100:0-0:100) to afford 9 sub-fractions (DF2A-DF2I) pooled together upon visual inspection of TLC plates. DF-2G (960.0 mg) was further purified by gel permeation chromatography on a Sephadex LH-20 column (2 cm i.d. x 42 cm) eluted with CHCl 3 : MeOH (6:4, 1:1 to 0:100) to afford 5 subfractions (1-5). Sub-fraction 5 afforded 730.0 mg, which was later crystalized using CHCl 3 : MeOH (7:3) by slow evaporation techniques to obtain a prism shaped crystal of 1 (708.0 mg). Seco-olean-4(23),12-diene-3,30-dioic acid (1 
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